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This edition of NFPA 16, Standard for the Installation of Foam-Water Sprinkler and Foam-Water 
Spray Systems, was prepared by the Technical Committee on Foam-Water Sprinklers, released 
by the Technical Correlating Committee on Automatic Sprinkler Systems, and acted on by 
the National Fire Protection Association, Inc., at its Fall Meeting held November 16-18, 1998, 
in Atlanta, GA. It was issued by the Standards Council on January 15, 1999, with an effective 
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This edition of NFPA 16 was approved as an American National Standard on February 4, 
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Origin and Development of NFPA 16 


The first standard involving foam-water sprinkler systems was published in 1954 by the 
National Board of Fire Underwriters (now American Insurance Association) and was titled 
Standard for Combined Foam- and Water-Spray Systems. The NFPA Technical Committee on foam- 
water sprinklers was established in 1959 with assistance from the NBFU. The first edition of 
this standard was published in 1962. 

Various updates to the standard were completed in 1968, 1974, 1988, and 1990. Changes 
were made to recognize the use of new foam concentrates and to improve the language and 
format of the document. 

The 1995 edition included clarification of the scope of the standard, improvements to the 
hydraulic design criteria, and recognition of a fourth proportioning method. 

The 1999 edition combines the previous text of NFPA 16 and NFPA 16A into one compre- 
hensive document. Numerous editorial changes have also been instituted. 
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NOTICE: An asterisk (*) following the number or letter des- 
ignating a paragraph indicates that explanatory material on 
the paragraph can be found in Appendix A. 

Information on referenced publications can be found in 
Chapter 7 and Appendix B. 


Chapter 1 General Information 


1-1 Scope. 


1-1.1 This standard contains minimum requirements for the 
design, installation, and maintenance of foam-water sprinkler 
and spray systems. These systems shall be designed with the 
required density for either foam or water application as the 
controlling factor, depending on the design purpose of the 
system. It is not the intent of this standard to specify where 
foam-water sprinkler and spray protection is required. The 
determination of where foam-water sprinklers and spray sys- 
tems are required shall be made in accordance with such 
applicable standards as NFPA 30, Flammable and Combustible 
Liquids Code, and NFPA 409, Standard on Aircraft Hangars. 


1-1.2* This standard shall apply only to systems using low- 
expansion foam. 


1-2* Purpose. 


1-2.1 The purpose of this standard is to provide a reasonable 
degree of protection for life and property from fire through 
installation requirements for foam-water sprinkler and spray 
systems based on sound engineering principles, test data, and 
field experience. 

Nothing in this standard is intended to restrict new tech- 
nologies or alternate arrangements, provided the level of 
safety prescribed by the standard is not lowered. 


1-2.2 Unless otherwise noted, the provisions of this document 
are not intended to be applied to facilities, equipment, struc- 
tures, or installations that were existing or approved for con- 
struction or installation prior to the effective date of the 
document, except in those cases where it is determined by the 
authority having jurisdiction that the existing situation 
involves a distinct hazard to life or adjacent property. 


1-3 Definitions. 
Approved.* Acceptable to the authority having jurisdiction. 


Authority Having Jurisdiction.* The organization, office, or 
individual responsible for approving equipment, an installa- 
tion, or a procedure. 


Class A Fires. Fires in ordinary combustible materials, such 
as wood, cloth, paper, rubber, and many plastics. 


Class B Fires. Fires in flammable liquids, oils, greases, tars, 
oil base paints, lacquers, and flammable gases. 


Density. The unit rate of liquid application to an area, 
expressed in [gpm/ft?(L/min-m?)]. 


Discharge Devices.* A device designed to discharge water 
or foam-water solution in a predetermined, fixed, or adjust- 
able pattern. Examples include, but are not limited to, sprin- 
klers, spray nozzles, and hose nozzles. 


Foam.* Within the scope of this standard, a stable aggrega- 
tion of small bubbles of lower density than oil or water that 
exhibits a tenacity for covering horizontal surfaces. Air foam is 
made by mixing air into a water solution containing a foam con- 
centrate by means of suitably designed equipment. It flows freely 
over a burning liquid surface and forms a tough, air-excluding, 
continuous blanket that seals volatile combustible vapors from 
access to air. It resists disruption from wind and draft or heat and 
flame attack, and is capable of resealing in case of mechanical 
rupture. Fire-fighting foams retain these properties for relatively 
long periods of time. Foams also are defined by expansion and 
are arbitrarily subdivided into three ranges of expansion. These 
ranges correspond broadly to certain types of usage described 
below. The three ranges are as follows: 


(a) Low-expansion foam — expansion up to 20 
(b) Medium-expansion foam — expansion from 20 to 200 
(c) High-expansion foam — expansion from 200 to 1000 


Foam Concentrates. A concentrated liquid foaming agent 
as received from the manufacturer. For the purpose of this 
document, “foam concentrate” and “concentrate” are used 
interchangeably. 


(a) Protein-Foam Concentrates. Protein-foam concentrates 
consist primarily of products from a protein hydrolysate, plus 
stabilizing additives and inhibitors to protect against freezing, 
to prevent corrosion of equipment and containers, to resist 
bacterial decomposition, to control viscosity, and to otherwise 
ensure readiness for use under emergency conditions. They 
are diluted with water to form 3 percent to 6 percent solutions 
depending on the type. These concentrates are compatible 
with certain dry chemicals. 

(b) Fluoroprotein-Foam Concentrates. Fluoroprotein-foam 
concentrates are very similar to protein-foam concentrates as 
described above, but with a synthetic fluorinated surfactant 
additive. In addition to an air-excluding foam blanket, they 
also can deposit a vaporization-preventing film on the surface 
of a liquid fuel. They are diluted with water to form 3 percent 
to 6 percent solutions depending on the type. These concen- 
trates are compatible with certain dry chemicals. 

(c) Synthetic-koam Concentrates. Synthetic-foam concen- 
trates are based on foaming agents other than hydrolyzed pro- 
teins and include the following: 


1. Aqueous Film-Forming Foam (AFFF) Concentrates. These con- 
centrates are based on fluorinated surfactants plus foam 
stabilizers and usually diluted with water to a 1 percent, 3 
percent, or 6 percent solution. The foam formed acts as 
a barrier both to exclude air or oxygen and to develop an 
aqueous film on the fuel surface capable of suppressing 
the evolution of fuel vapors. The foam produced with 
AFFF concentrate is dry chemical compatible and thus is 
suitable for combined use with dry chemicals. 

2. Medium- and High-Expansion Foam Concentrates (usually 
derived from hydrocarbon surfactants). These concentrates 
are used in specially designed equipment to produce 
foams having foam-to-solution volume ratios of 20:1 to 
approximately 1000:1. This equipment can be air-aspirat- 
ing or blower-fan type. Guidance for the use of these 
materials is provided in NFPA 11A, Standard for Medium- 
and High-Expansion Foam Systems. 
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3. Other Synthetic Foam Concentrates. Other synthetic foam 
concentrates also are based on hydrocarbon surface 
active agents and are listed as wetting agents, foaming 
agents, or both. In general, their use is limited to porta- 
ble nozzle foam application for spill fires within the scope 
of their listings. The appropriate listings shall be con- 
sulted to determine proper application rates and meth- 
ods. (See NFPA 18, Standard on Wetting Agents.) 


(d) Film-Forming Fluoroprotein (FFFP) Foam Concentrates. 
These concentrates use fluorinated surfactants to produce a 
fluid aqueous film for suppressing hydrocarbon fuel vapors. 
This type of foam utilizes a protein base plus stabilizing addi- 
tives and inhibitors to protect against freezing, corrosion, and 
bacterial decomposition, and it also resists fuel pickup. The 
foam is usually diluted with water to a 3 percent or 6 percent 
solution and is dry chemical compatible. 


(e) Alcohol-Resistant Foam Concentrates. These concentrates 
are used for fighting fires on water-soluble materials and other 
fuels destructive to regular, AFFF, or FFFP foams, as well as for 
fires involving hydrocarbons. There are three general types. 
One is based on water-soluble natural polymers, such as pro- 
tein or fluoroprotein concentrates, and also contains alcohol- 
insoluble materials that precipitate as an insoluble barrier in 
the bubble structure. 


The second type is based on synthetic concentrates and con- 
tains a gelling agent that surrounds the foam bubbles and 
forms a protective raft on the surface of water-soluble fuels; 
these foams can also have film-forming characteristics on 
hydrocarbon fuels. The third type is based on both water-solu- 
ble natural polymers, such as fluoroprotein, and contains a 
gelling agent that protects the foam from water-soluble fuels. 
This foam can also have film-forming and fluoroprotein char- 
acteristics on hydrocarbon fuels. Alcohol-resistant foam con- 
centrates are generally used in concentrations of 3 percent to 
10 percent solutions, depending on the nature of the hazard 
to be protected and the type of concentrate. 


Foam Solution. A homogeneous mixture of water and foam 
concentrate in the proper proportions. For the purposes of this 
document, “foam solution” and “solution” are used inter- 


changeably. 


Foam-Water Deluge System.* A foam-water sprinkler sys- 
tem employing open discharge devices, which are attached to 
a piping system that is connected to a water supply through a 
valve that is opened by the operation of a detection system, 
which is installed in the same areas as the discharge devices. 
When this valve opens, water flows into the piping system and 
discharges from all discharge devices attached thereto. 


Foam-Water Dry Pipe System.* A sprinkler system employ- 
ing automatic sprinklers or nozzles that are attached to a pip- 
ing system that contains air or nitrogen under pressure, the 
release of which (as from the opening of a sprinkler) permits 
the water pressure to open a valve known as a dry pipe valve. 
The water then flows into the piping system and out the 
opened sprinklers. 


Foam-Water Preaction System.* A sprinkler system employ- 
ing automatic sprinklers or nozzles attached to a piping system 
containing air that might or might not be under pressure, with 
a supplemental detection system installed in the same area as 
the sprinklers. Actuation of the detection system opens a valve 
that permits water to flow into the sprinkler piping system and 
to be discharged from any sprinklers that have activated. 
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Foam-Water Spray System.* A special system that is pipe- 
connected to a source of foam concentrate and to a water sup- 
ply. The system is equipped with foam-water spray nozzles for 
extinguishing agent discharge (foam followed by water or in 
reverse order) and for distribution over the area to be pro- 
tected. System operation arrangements parallel those for 
foam-water sprinkler systems as described in the definition of 
Foam-Water Sprinkler System. 


Foam-Water Sprinkler System.* A special system that is 
pipe-connected to a source of foam concentrate and to a water 
supply. The system is equipped with appropriate discharge 
devices for extinguishing agent discharge and for distribution 
over the area to be protected. The piping system is connected 
to the water supply through a control valve that usually is actu- 
ated by operation of automatic detection equipment that is 
installed in the same areas as the sprinklers. When this valve 
opens, water flows into the piping system, foam concentrate is 
injected into the water, and the resulting foam solution dis- 
charging through the discharge devices generates and distrib- 
utes foam. Upon exhaustion of the foam concentrate supply, 
water discharge follows and continues until shut off manually. 
Systems can be used for discharge of water first, followed by 
discharge of foam for a specified period, and then followed by 
water until manually shut off. Existing deluge sprinkler sys- 
tems that have been converted to the use of aqueous film- 
forming foam or film-forming fluoroprotein foam are classi- 
fied as foam-water sprinkler systems. 


Listed.* Equipment, materials, or services included in a list 
published by an organization that is acceptable to the author- 
ity having jurisdiction and concerned with evaluation of prod- 
ucts or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic eval- 
uation of services, and whose listing states that either the 
equipment, material, or service meets identified standards or 
has been tested and found suitable for a specified purpose. 


Preprimed System.* A wet pipe system containing foam 
solution. 


Proportioning. The continuous introduction of foam con- 
centrate at the recommended ratio into the water stream to 
form foam solution. 


Rate. The total flow of solution per unit of time, which is 
expressed in gpm (L/min) in this standard. 


Shall. Indicates a mandatory requirement. 


Should. Indicates a recommendation or that which is 
advised but not required. 


Standard. A document, the main text of which contains 
only mandatory provisions using the word “shall” to indicate 
requirements and which is in a form generally suitable for 
mandatory reference by another standard or code or for adop- 
tion into law. Nonmandatory provisions shall be located in an 
appendix, footnote, or fine-print note and are not to be con- 
sidered a part of the requirements of a standard. 


1-4 General System Information. 


14.1 Foam-water deluge and preaction systems shall be pro- 
vided with automatic and auxiliary manual tripping means. 


Exception: Manual operation only shall be permitted for foam-water 
deluge systems where acceptable to the authority having jurisdiction. 


1-4.2 Foam-water systems shall be of the wet pipe, dry pipe, 
deluge, or preaction type. 
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1-4.3 Systems shall deliver foam to the hazards they protect 
for a specified period at given densities, either prior to water 
discharge or following water discharge, depending upon sys- 
tem design purpose. 


1-4.4 Following completion of discharge of foam solution to 
the hazards protected, foam-water sprinkler and spray systems 
shall discharge water until manually shut off. 


1-4.5* Authorities having jurisdiction shall be consulted as to 
the means by which a reserve supply of foam concentrate shall 
be made available. The reserve supply shall be listed for use 
with system components. (See Section 2-3.) 


1-4.6* Wet pipe foam-water systems shall be preprimed with 
foam-water solution. 


Exception: Systems shall not be required to be preprimed where recom- 
mended by the foam concentrate manufacturer and where approved by 
the authority having jurisdiction. 


1-5 Applicability. 


1-5.1* Foam-water sprinkler and spray systems shall discharge 
foam solution or water from the same discharge devices. 
Because of this dual extinguishing agent discharge character- 
istic, these systems shall be selectively applicable to combina- 
tion Class A and Class B hazards. 


1-5.2 Foam-water deluge systems are applicable to the protec- 
tion of two-dimensional flammable liquid hazards. They shall 
be permitted to be used for any of the following purposes or 
combinations thereof: 


(a) Extinguishment. The primary purpose of such systems is 
the extinguishment of fire in the protected hazard. For this 
purpose, foam-solution discharge densities shall be provided 
by system design, use of selected discharge devices, and provi- 
sion of supplies of water at required pressures to accomplish 
the system design. Foam-discharge rates shall be able to pro- 
vide required rates of water discharge from the system until 
shut off during the design period and following depletion of 
foam concentrate supplies. 


(b) Prevention. Prevention of fire in the protected hazard is 
a supplemental feature of such systems. Manual operation of 
a system to discharge foam or water selectively from the dis- 
charge devices in case of accumulations of hazardous materi- 
als from spills in such occupancies as garages, aircraft hangars, 
petrochemical plants, paint and varnish plants, or from other 
causes in the protected area, will afford protection against 
ignition, pending clean-up measures. In such cases, manual 
system operation provides foam coverage in the area with 
water discharge manually available. 


(c) Control and Exposure Protection. Control of fire to allow 
controlled burning of combustible materials where extin- 
guishment is not possible and exposure protection to reduce 
heat transfer from an exposure fire can be accomplished by 
water spray or foam, or both, from these special systems. The 
degree of accomplishment is related strongly to the fixed dis- 
charge densities provided by the system design. 


1-5.3 Foam of any type is not an effective extinguishing agent 
on fires involving liquefied or compressed gases (e.g., butane, 
butadiene, propane), on materials that will react violently with 
water (e.g., metallic sodium) or that produce hazardous mate- 
rials by reacting with water, or on fires involving electrical 
equipment where the electrical nonconductivity of the extin- 
guishing agent is of primary importance. 


1-5.4* Only alcohol-type foam shall be used on fires in water- 
soluble solvents and polar solvents. Manufacturers of foam 
concentrates that are manufactured for the protection of such 
hazards shall be consulted for applicability. 


1-5.5* Consideration shall be given to potential contamina- 
tion of water supplies, treating systems, and effluent by foam 
concentrate, foam, or foam solution runoff. The foam concen- 
trate manufacturer and the appropriate authority having juris- 
diction shall be consulted for guidance. 


1-6 Approvals. 


1-6.1 Prior to designing a system for consideration, the authority 
having jurisdiction shall be consulted. All plans and specifications 
for the installation shall be approved by the authority having juris- 
diction prior to installation, and such authority shall be consulted 
as to devices and materials used in system construction and as to 
selection of the foam concentrate to be provided for system use. 
All equipment and concentrates shall be approved for the partic- 
ular application intended. 


1-6.2 Retroactivity Clause. The provisions of this document are 
considered necessary to provide a reasonable level of protection 
from loss of life and property from fire. They reflect situations 
and the state of the art at the time the standard was issued. 


Unless otherwise noted, it is not intended that the provisions 
of this document be applied to facilities, equipment, structures, 
or installations that were existing or approved for construction or 
installation prior to the effective date of this document. 


Exception: In those cases where it is determined by the authority hav- 
ing jurisdiction that the existing situation involves a distinct hazard 
to life or property, this standard shall apply. 


1-7 Units. Metric units of measurement in this standard are 
in accordance with the modernized metric system known as 
the International System of Units (SI). The liter and bar units, 
which are not part of but are recognized by SI, commonly are 
used in international fire protection. These units are listed in 
Table 1-7 with conversion factors. 


Table 1-7 SI Units and Conversion Factors 


Name of Unit Unit Symbol Conversion Factor 
liter L 1 gal = 3.785 L 
liter per minute L/min-m2 1 gpm/ft® = 40.746 L/ 
per square min-m2 
meter 
millimeter per mm/min 1 gpm/ft? = 40.746 mm/ 


minute min 


cubic decimeter dm? 1 gal = 3.785 dm? 
pascal Pa 1 psi = 6894.757 Pa 
bar bar 1 psi = 0.0689 bar 
bar bar 1 bar = 105 Pa 


For additional conversions and information, see ASTM SI 10, Standard 
for Use of the International System of Units (SI): The Modern Metric 
System. 


1-7.1 If a value for measurement as given in this standard is 
followed by an equivalent value in other units, the first stated 
shall be regarded as the requirement. A given equivalent value 
shall be considered to be approximate. 
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1-7.2 SI units have been converted by multiplying the quantity 
by the conversion factor and then rounding the result to the 
appropriate number of significant digits. 


Chapter 2 System Components 


2-1 Approved Devices and Materials. All component parts 
including foam concentrates shall be listed for the use 
intended. 


Exception: Where listed components are not manufactured, the com- 
ponents shall be of an approved type. 


2-2 Discharge Devices. 


2-2.1 Discharge devices and foam concentrates shall be listed 
for use together. 


2-2.2 Discharge devices for foam-water deluge and spray shall 
be permitted to be air-aspirating, such as foam-water sprinkler 
and foam-water spray nozzles, or they shall be permitted to be 
non-air-aspirating, such as standard sprinklers. 


2-2.3 Discharge devices for foam-water wet pipe, dry pipe, and 
preaction systems shall be automatic in operation and shall be 
non-air-aspirating. 


2-3 Foam Concentrates. 


2-3.1* Foam concentrates shall be listed for use with the foam 
concentrate proportioning equipment and with the discharge 
devices with which a given system is equipped. Replacement 
supplies of foam concentrates shall be listed for use with sys- 
tem components. Different types and brands of foam concen- 
trates that are not compatible shall not be mixed in storage. 


2-3.2 The quantities of foam concentrates to be used shall be 
based on flow rates and duration times for the application 
time period as specified in Chapter 4. 


Exception: The foam concentrate used in a preprimed system shall be 
in addition to the quantity specified above. 


2-3.3* There shall be a reserve supply of foam concentrate to 
meet the design requirements of the system and to put the sys- 
tem back in service within 24 hours after operation. 


2-4 Foam Concentrate Proportioning Means. 


2-4.1 Balanced-pressure or positive-pressure injection shall be 
the preferred methods for introduction of foam concentrates 
into the water flowing through the supply piping to the system. 


2-4.2* Balanced-pressure injection methods shall be one of 
the following: 

(a) A balance-pressure proportioning system utilizing a 
foam concentrate pump discharging through a metering ori- 
fice into a proportioning controller with the foam concentrate 
and water pressures automatically maintained as equal by the 
use of a pressure balancing valve. 

(b) A balanced-pressure proportioning system utilizing a 
pressure proportioning tank with a diaphragm or bladder to 
separate the water and foam concentrate discharging through 
a metering orifice into a proportioning controller. 

(c) An in-line balanced-pressure proportioning system uti- 
lizing a foam concentrate pump or bladder tank. A pressure 
regulating device placed in the pump return line shall main- 
tain constant pressure in the foam concentrate supply line at 
all design flow rates. This constant pressure shall be greater 
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than the maximum water pressure under all operating condi- 
tions. 

(d) Foam concentrate pump discharging through a meter- 
ing orifice into the protection system riser with the foam pres- 
sure at the upstream side of the orifice exceeding the water 
pressure in the system riser by a specific design value. 


2-4.3 Other listed methods for foam proportioning shall be 

permitted as follows: 

(a) Balanced-positive-pressure injection systems utilizing a 
foam concentrate pump and drive motor that vary the 
foam concentrate pump output to match water flow rates 
while maintaining the correct percentage of foam con- 
centrate 


(b) Around-the-pump proportioners 
(c)* In-line eductors (inductors) 


2-4.4* Orifice plates shall have telltale indicators giving ori- 
fice diameters and indication of flow direction if flow charac- 
teristics vary with flow direction. 


2-5* Foam Concentrate Pumps. 
2-5.1 Materials. 


2-5.1.1* The design and materials of construction for foam 
concentrate pumps shall be approved for use with the type of 
foam concentrate used in the system. Special attention shall 
be paid to the type of seal or packing used. 


2-5.1.2 Where foam concentrate pumps utilizing cast-iron or 
ductile iron components are used, the pumps shall remain 
flooded with concentrate to minimize corrosion, foaming, or 
sticking. 


2-5.2 Foam concentrate pumps shall have rated capacities at 
or in excess of the maximum system demand. To ensure posi- 
tive injection of foam concentrate, the discharge pressure rat- 
ings of pumps at the design discharge capacity shall be in 
excess of the maximum water pressure available under any 
condition at the point of foam concentrate injection. 


2-5.3* Foam concentrate pumps capable of overpressurizing 
the system shall be provided with means of pressure relief 
from the discharge to the supply side of the pump to prevent 
excessive pressure and temperature. Overpressure shall not 
exceed the working pressure of the foam concentrate piping 
system. 


2-5.4* Foam concentrate pumps shall have means for flush- 
ing. They shall be provided with a drain cock or valve. 


2-5.5 Foam concentrate pumps shall be automatic-starting 
upon system actuation. 


2-5.6 Provisions shall be made for automatic shutoff of the 
foam concentrate pump after the foam concentrate supply is 
exhausted. 


2-6 Power Supply and Controller. The power supply and 
controllers for the drivers of foam concentrate pumps shall be 
installed in accordance with NFPA 20, Standard for the Installa- 
tion of Centrifugal Fire Pumps, and NFPA 70, National Electrical 
Cod&. 


2-7 Foam Concentrate Storage Tanks. 


2-7.1 Storage tanks for foam concentrates shall be con- 
structed of materials compatible with the liquid, be solidly 
mounted, and be permanently located. 
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2-7.2 The storage temperatures for which foam concentrates 
are listed shall be considered the temperature limits for loca- 
tion of storage tanks. 


2-7.3. Atmospheric-Type Storage Tanks. 


2-7.3.1 Storage tanks shall have capacities to accommodate the 
needed quantities of foam concentrate plus space for thermal 
expansion. Foam concentrate outlets from the tanks shall be 
located to prevent sediment from being drawn into the system. 


2-7.3.2. When determining the quantity of foam concentrates, 
the volume of the sediment pocket shall be added to the quan- 
tity needed for system operation. 


2-7.3.3* Tanks shall be equipped with conservation-type vents, 
access handholes, or manholes that are located to provide for 
inspection of interior tank surfaces, connections for pump suc- 
tion, relief, and testing lines, protected sight gauges or other liq- 
uid level devices, and filling and draining connections. 


2-7.3.4 Tank discharge outlets shall be located to furnish a 
positive head on the pump suction. 


2-7.4* Pressure-Type Storage Tanks. Pressure proportioning 
tanks shall have means for filling, for gauging the level of foam 
concentrates, and for drainage, cleaning, and inspection of 
interior surfaces and of the concentrate holding bladder or 
diaphragm, if provided. These tanks shall be stamped to be 
identified as ASME Boiler and Pressure Vessel Code, Section VIII, 
Division 1. 


2-8 Piping, Valves, Pipe Fittings, and Hangers. 


2-8.1 Piping, valves, pipe fittings, and hangers, including cor- 
rosion-protection coatings, shall be in accordance with NFPA 
13, Standard for the Installation of Sprinkler Systems. 


2-8.2* Piping, fittings, and valves shall be of a material com- 
patible with the foam concentrate, foam solution, or water 
used, as applicable. 


2-8.3* Rubber-gasketed fittings shall be permitted to be used 
to connect pipe in fire-exposed areas where the foam-water 
deluge system is automatically controlled. Fire-exposed areas 
in which these fittings are located shall be protected by auto- 
matic foam-water deluge systems or other approved means. 


2-9 Location. Equipment items, such as storage tanks and 
proportioners for foam concentrates; pumps for water and 
foam concentrates; and control valves for water, foam con- 
centrates, and foam solution, shall be located as near as pos- 
sible to the hazard or hazards they protect but shall not be 
exposed to a fire in a manner that is likely to impair system 
performance. 


2-10 Alarms. Alarms shall be provided in accordance with 
the requirements of NFPA 13, Standard for the Installation of 
Sprinkler Systems. 


2-11 Strainers for Foam Concentrates. 


2-11.1* Strainers shall be installed in foam concentrate lines 
upstream of foam concentrate pumps. Where listed strainers 
of the proper size are not available, strainers that have a ratio 
of open-basket area to inlet pipe size of at least 10:1 shall be 
used. 


2-11.2 Strainers shall be capable of removing all solids of a 
size that would obstruct system components. Perforations shall 
be no larger than the smallest orifice in the system and no less 
than !/g in. (3.2 mm). Strainers shall be installed so as to be 


accessible for cleaning (flushing) while maintaining system 
discharge during an emergency. 


2-12 Supervision. 


2-12.1* Main water, foam concentrate, and foam solution 

valves shall be supervised by one of the following methods: 

(a) Central station, proprietary, or remote station signaling 
service 

(b) Local signaling service that will cause the sounding of an 
audible signal at a constantly attended location 

(c) Valves locked in the open position 

(d) Valves located within fenced enclosures under the control 
of the owner, sealed in the open position, and inspected 
weekly as part of an approved procedure 


2-12.2 Detection and actuation circuitry shall be supervised 
through a listed panel in accordance with NFPA 72, National 
Fire Alarm Cod&. 


2-13* Test Connections. System test connections shall be 
sized to accommodate both the low flow of the proportioner 
and the maximum anticipated flow through the proportioner. 


Chapter 3 Water Supplies 


3-1* Water Quality. 


3-1.1 Water supplied to foam-water systems shall be compati- 
ble with the foam concentrate to be used. 


3-1.2 Water containing solids likely to clog orifices in dis- 
charge devices but otherwise acceptable for foam-making shall 
be permitted to be used after passing through line strainers. 
Strainers shall be installed so that they are accessible for clean- 
ing or flushing. 


3-2 Water Supply Capacity, Pressure, and Duration. 


3-2.1 Water supplies for deluge foam-water sprinkler systems 
and foam-water spray systems shall be automatic. They shall be 
of a capacity and pressure that are capable of maintaining 
foam discharge or water discharge, or both, at the design rate 
for the required period of discharge over the entire area pro- 
tected by systems expected to operate simultaneously. 


3-2.2* Where the water supply is dependent on public water 
sources, attention shall be given to the pollution hazard intro- 
duced by the use of foam concentrate. Any cross connections 
shall be reviewed by public health agencies concerned. 


3-2.3* Water supplies shall be designed to supply the system at 
the design discharge rate and pressure for at least 60 minutes. 


Exception: Water supplies for aircraft hangars shall be in accordance 
with NFPA 409, Standard on Aircraft Hangars. 


3-2.4* When a fire department connection is required, it shall 
be installed on the supply side of the proportioner. 
The following are additional items that shall be reviewed: 

(a) Overpressurizing of system components 
(b) Imbalance of proportioning equipment 
(c) Dilution of proportioned foam solution 
(d) Disturbance of system accessory devices including, but 

not limited to the following: 

1. Pressure switches 

2. Hydraulic control valves 

3. Main control valve trim 


1999 Edition 


16-10 


INSTALLATION OF FOAM-WATER SPRINKLER AND FOAM-WATER SPRAY SYSTEMS 


(e) Pressures and flows exceeding the foam system design 
capability 


3-2.5 A sign that states the following shall be placed at the fire 
department connection. 


FIRE DEPARTMENT CONNECTION 


THIS CONNECTION FEEDS A FOAM-WATER 
SPRINKLER SYSTEM. 


DO NOT PUMP AT PRESSURES EXCEEDING 
[INSERT DESIGN PRESSURE] UNTIL FOAM 
LIQUID SUPPLY IS EXHAUSTED. 


IF INCIDENT IS CONTROLLED BY FOAM 
BLANKET, DO NOT DESTROY FOAM BLANKET 
BY EXCESSIVE APPLICATION OF WATER. 


Chapter 4 System Design and Installation 


4-1 General. This chapter contains the minimum design cri- 
teria for foam-water sprinkler systems. Where occupancy stan- 
dards specify more stringent criteria, they shall take 
precedence. The design and installation of foam-water systems 
shall be entrusted to experienced and responsible persons. 


4-2 Working Plans and Specifications. Working plans shall 
be in accordance with NFPA 13, Standard for the Installation of 
Sprinkler Systems. The information in this section shall also 
apply. 

4-2.1 Plans and specifications shall indicate the quantity of 
foam concentrate to be stored, including the quantity in 
reserve, the concentration designation, and the minimum 
anticipated temperature of the concentrate at the point of 
proportioning. 


4-2.2 The specifications shall indicate the specific tests to be 
conducted. 


4-2.3 Complete plans and detailed data describing pumps, 
drivers, controllers, power supply, fittings, suction and dis- 
charge connections, and suction conditions shall be submit- 
ted by the engineer or contractor to the authority having 
jurisdiction for approval before installation. 


4-2.4 Charts showing head delivery, efficiency, and brake 
horsepower curves of pumps shall be furnished by the contrac- 
tor. 


4-2.5 Where draft curtains, detection zones, and drainage 
area separations impact the performance of the foam-water 
system, appropriate plans shall be made available. 


4-2.6 Plans shall indicate the location and description of haz- 
ards to be protected. 


4-3 Design Criteria. 


4-3.1* Referenced Standards. System designs shall conform 
to all the applicable requirements of the following standards 
unless otherwise specified in this standard. 

NFPA 11, Standard for Low-Expansion Foam 

NFPA 13, Standard for the Installation of Sprinkler Systems 
NFPA 14, Standard for the Installation of Standpipe and Hose 
Systems 

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec- 
tion 
NFPA 20, Standard for the Installation of Centrifugal Fire Pumps 
NFPA 22, Standard for Water Tanks for Private Fire Protection 
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NFPA 24, Standard for the Installation of Private Fire Service 
Mains and Their Appurtenances 

NFPA 30, Flammable and Combustible Liquids Code 

NFPA 70, National Electrical Code 

NFPA 72, National Fire Alarm Code 


4-3.2* Discharge Criteria. The design discharge density shall 
be in accordance with the applicable occupancy standard for 
water or foam-water systems but in no case less than 0.16 gpm/ 
ft? (6.5 L/min-m?). Water-soluble and certain flammable and 
combustible liquids and polar solvents that are destructive to 
conventional foams necessitate the use of alcohol-resistant 
foams. In all cases, the manufacturer of the foam concentrate 
and the foam-making equipment shall be consulted regarding 
limitations and for recommendations based on listings or spe- 
cific fire tests. 


4-3.3 Discharge Duration. 


4-3.3.1 The foam solution shall be designed to discharge for 
a period of 10 minutes (based on the density as specified in 
4-3.2) over the entire system area for deluge and spray foam- 
water systems and over the design area for wet pipe, dry pipe, 
and preaction foam-water systems. 


4-3.3.2 Where actual system discharge exceeds the minimum 
as specified in 4-3.2, a proportionate reduction in the duration 
of the foam discharge time shall be permitted, but in no case 
shall the duration be less than 7 minutes. 


4-3.4 Proportioning System. The proportioning system 

selected shall be capable of meeting the following conditions: 

(a) Actual calculated system discharge demand at the proper 
foam percentage for the most hydraulically demanding 
condition 

(b) Actual calculated system discharge demand at the proper 
foam percentage for the least hydraulically demanding 
condition 

(c) Foam liquid pressures at least equal to the highest antici- 
pated water pressure 


43.5 Foam Concentrate Lines. 


4-3.5.1* Where foam concentrate lines to the protective sys- 
tem injection points are run underground or where they run 
aboveground for more than 50 ft (15 m), these lines shall be 
maintained full, and a means of checking the tightness of the 
system shall be provided. 


4-3.5.2 The temperature of the foam concentrate lines and 
components shall be maintained within the storage tempera- 
ture limits specified for the foam concentrate. 


4-3.6 Drainage. Facilities shall be provided for the safe 
removal or retention of the largest anticipated flammable liq- 
uid spill plus the free water reaching the floor from the fixed 
fire protection system, as well as the discharge from hose 
streams. 


Exception: Where applicable occupancy standards specify contain- 
ment or drainage that differs from that specified in 4-3.6, the occu- 
pancy standard shall apply. 


4-3.7 Wet Pipe, Dry Pipe, and Preaction Foam-Water Systems. 
43.7.1 The total design area shall be 5000 ft? (465 m?). 
Exception: Where applicable occupancy standards specify design areas 


different from that specified in 4-3.7.1, the occupancy standards shall 
take precedence. 
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4-3.7.2. Sprinkler spacing shall not exceed 100 ft? (9.3 m?) per 
sprinkler or exceed 12 ft (3.7 m) spacing between sprinklers 
on a branch line or between branch lines. 


Exception: Where applicable occupancy standards specify a sprinkler 
spacing different from that specified in 4-3.7.2, the occupancy stan- 
dards shall take precedence. 


4-3.7.3 For foam-water preaction systems the requirements of 
4-3.8 shall also apply. 


4-3.7.4 The temperature rating of sprinklers shall be within 
the range of 250°F to 300°F (121°C to 149°C) where they are 
located at the roof or ceiling. Where sprinklers are located at 
an intermediate level, the temperature rating shall be within 
the range of 135°F to 170°F (57°C to 77°C), unless ambient 
conditions require a higher rating. 


4-3.8 Foam-Water Deluge Systems. 


4-3.8.1* In automatic systems, the detection equipment shall 
be connected to a means for tripping water deluge valves and 
other system-control equipment. Supplemental manual 
means for this purpose also shall be provided. 


4-3.8.2 In automatic systems, foam concentrate injection shall 
be activated automatically by, or concurrently with, activation 
of the main water supply control valve. Manual operating 
means shall be designed for this same purpose. 


4-3.8.3 Automatic detection equipment, whether pneumatic, 
hydraulic, or electric, shall be provided with complete super- 
vision arranged so that failure of equipment, loss of supervis- 
ing air pressure, or loss of electric energy results in clear 
notification of the abnormal condition. 


4-3.8.4 Where used in a corrosive atmosphere, the detection 
devices shall be of materials not subject to corrosion or pro- 
tected to resist corrosion. 


4-3.8.5* Automatic detection equipment of the electric type 
and any auxiliary equipment of the electric type, if in hazard- 
ous areas, shall be designed specifically for use in such areas. 


4-3.8.6 In automatic systems, manually operated tripping 
devices shall actuate the automatic control valve by mechani- 
cal, pneumatic, electric, or other approved means. The man- 
ual device shall be strong enough to prevent breakage. 
Manual controls shall not necessitate a pull of more than 40 Ib 
[178 N (force)] nor a movement of more than 14 in. (356 
mm.) to secure operation. 


4-4 Hydraulic Calculations. 
4-4.1 Foam-Water Deluge Systems. 


4-4.1.1 System piping shall be hydraulically designed in order 
to obtain reasonably uniform foam and water distribution and 
to allow for loss of head in water supply piping. The adjust- 
ment in pipe sizes shall be based on a maximum variation of 
20 percent above the specified discharge rate per sprinkler or 
nozzle. 


4-4.1.2 Pipe sizes shall be adjusted according to detailed fric- 
tion-loss calculations. These calculations shall show the rela- 
tionship between the water supply and the water demand. 


4-4.1.3 Hydraulic calculations for determining the foam solu- 
tion and water flow characteristics of systems covered by this 
standard shall be in accordance with NFPA 15, Standard for 


Water Spray Fixed Systems for Fire Protection. Piping carrying foam 
solution shall be sized as if carrying plain water. 


4-4.1.4* The friction losses in piping carrying foam con- 
centrate shall be calculated using the Darcy formula, also 
known as the Fanning formula. Friction factors for use with 
this formula shall be selected from the graphs shown in Fig- 
ures 44.1.4(a) through 4-4.1.4(d). In calculating the Reynolds 
number for selecting friction factors from the graphs, the 
actual density (or specific gravity) of the foam concentrate 
to be employed in the system shall be used. The viscosity 
used shall be the actual viscosity of the foam concentrate at 
the lowest anticipated storage temperature. 
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Figure 4-4.1.4(a) Moody diagram. Cast-iron pipe (R < 10°). 


4-4.1.5 For purposes of computing friction loss in piping, the 
Cvalues shall be used for the Hazen-Williams formula in 
accordance with Table 4-4.1.5. 


4-4.2 Foam-Water Wet Pipe, Dry Pipe, and Preaction Systems. 
4-4.2.1 System piping shall be hydraulically designed to 


obtain reasonably uniform foam and water distribution and to 
allow for loss of head in system piping. 


4-4.2.2* Two sets of hydraulic calculations shall be provided: 


(a) Actual calculated demand flow and pressure based on the 
most hydraulically demanding condition, balanced to the 
available water supply 


(b) Actual calculated demand flow and pressure based on the 
least hydraulically demanding design area, balanced to 
the available water supply 
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Figure 4-4.1.4(b) Moody diagram. Cast-iron pipe (R 2 10°). 
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Figure 4-4.1.4(c) Moody diagram. Steel pipe (R < 10°). 
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Figure 4-4.1.4(d) Moody diagram. Steel pipe (R 2 10°). 


Table 4-4.1.5 Hazen-Williams C-Values 


Pipe or Tube C-Value 
Unlined cast or ductile iron 100 
Black or carbon steel 100 
Galvanized (all) 120 
Cement-lined cast or ductile iron 140 
Plastic, listed (all) 150 
Copper tube or stainless steel 150 


4-4.2.3* Hydraulic balance to, and comparison with, the avail- 
able water supply shall verify that the actual system discharge will 
not exceed the capability of the foam concentrate supply to pro- 
vide foam solution discharge as specified in 4-3.3.1 and 4-3.3.2. 


4-4.2.4 Pipe sizes shall be adjusted according to detailed fric- 
tion-loss calculations. These calculations shall show the rela- 
tionship between the water supply and system demand. 


4-4.2.5 Hydraulic calculations for determining the foam solu- 
tion and water flow characteristics of systems covered by this 
standard shall be in accordance with NFPA 13, Standard for the 
Installation of Sprinkler Systems. Friction-loss characteristics for 


REFERENCED PUBLICATIONS 16-13 


foam solution piping shall be considered the same as if the 
piping were carrying water. 


4-4.2.6 For purposes of computing friction loss in piping, the 
Cvalues in Table 4-4.1.5 shall be used in the Hazen-Williams 
formula. 


4-4.3 The friction losses in piping carrying foam concen- 
trate shall be calculated in accordance with the require- 
ments of 4-4.1.4. 


Chapter 5 Acceptance Tests 


5-1* Flushing of Supply Piping. Underground mains and 
lead-in connections shall be thoroughly flushed before con- 
nection is made to the system piping. Flushing shall be in 
accordance with NFPA 24, Standard for the Installation of Private 
Fire Service Mains and Their Appurtenances. 


5-2 Hydrostatic Pressure Tests. 


5-2.1* All piping, including foam concentrate lines and the sys- 
tem piping, shall be hydrostatically tested at 200 psi (13.8 bar) 
or at 50 psi (3.4 bar) in excess of the maximum static pressure 
where the maximum static pressure exceeds 150 psi (10.3 bar). 
The pressure shall be maintained without loss for 2 hours. 


Exception: Bladder tanks shall not be included in pressure tests. 


5-2.2* The amount of leakage in underground water piping 
shall be measured at the specific test pressure by pumping 
from a calibrated container. Leakage shall not exceed 2 qt/hr 
(1.89 L/hr) per 100 joints irrespective of pipe diameter. 


5-3 System Tests Discharging Foam From Foam-Water Deluge 
and Spray Systems. 


5-3.1* Acceptance tests shall be conducted to ensure that the 
hazard is fully protected in accordance with Chapter 4, and to 
determine the flow pressures, actual discharge capacity, con- 
sumption rate of foam-producing materials, staffing needs, 
and other operating characteristics. The tests shall include the 
following: 


(a) Foam discharge from a single system 


(b) Simultaneous foam discharge of the maximum number 
systems expected to operate on a single hazard 


5-3.2 The discharge shall be continued for the time required 
to obtain stabilized discharge. 


5-4* Proportioning System Testing. 


5-4.1 Operation of the proportioning equipment shall be ver- 
ified by flow tests. The percentage of foam concentrate in solu- 
tion shall be determined. During the tests, the pressure at the 
discharge devices shall be at least equal to the minimum 
design operating pressure of the system or systems tested. 
Percentage of all foam concentrates injected into the water 
shall be within the following limits. The foam concentrate 
induction rate of a proportioner, expressed as a percentage of 
the foam solution flow (water plus foam concentrate) shall be 
minus 0 percent to plus 30 percent of the manufacturer’s 
listed induction rate or 1 percentage point, whichever is less. 


Exception: Where full-flow operational tests are not practical, tests 
shall be permitted to be conducted through the test connections required 
in Section 2-13. 


5-4.1.1 Flow tests for wet pipe, dry pipe, and preaction systems 
shall be conducted at both the high and low ends of the 
expected design rate and shall meet the criteria of 5-4.1. 


5-4.2* The rate of foam solution discharge shall be computed 
from hydraulic calculations utilizing recorded inlet or end-of- 
system operating pressure, or both. The foam concentration 
shall be calculated by timing a given displacement from the 
storage tank, a refractometric means, or a conductivity 
method. 


5-4.3* After operation with foam, foam-water deluge and spray 
systems shall be flushed with water to remove foam residue. 


Exception: Those portions of the system normally containing foam 
concentrate when the system is in service. 


5-5 Instructions. The installing contractors shall provide the 
owner with the following: 


(a) All literature and instructions provided by the manufac- 
turer describing proper operation and maintenance of 
any equipment and devices installed 


(b) Piping layout drawings, electrical schematics, and hydrau- 
lic calculations 


(c) A copy of NFPA 25, Standard for the Inspection, Testing, and 
Maintenance of Water-Based Fire Protection Systems 


Chapter 6 Inspection, Testing, and Maintenance 


6-1* Inspection, Testing, and Maintenance of Foam-Water 
Sprinkler Systems. Systems shall be so arranged that tests and 
inspections can be made without discharging foam solution to 
the system piping in order to check operation of all mechani- 
cal and electrical components of the system. The system shall 
be arranged so that tests are performed with as little loss of 
foam concentrate as possible. 


6-2 Testing and Inspection of Alarm and Detection Devices. 


Alarm and detection devices shall be tested and inspected in 
accordance with NFPA 72, National Fire Alarm Code. 


6-3* Inspection, Testing, and Maintenance Frequency. 
Foam-water sprinkler systems shall be tested and inspected in 
accordance with NFPA 25, Standard for the Inspection, Testing, 
and Maintenance of Water-Based Fire Protection Systems, Chapter 8. 


Chapter 7 Referenced Publications 


7-1 The following documents or portions thereof are refer- 
enced within this standard as mandatory requirements and 
shall be considered part of the requirements of this standard. 
The edition indicated for each referenced mandatory docu- 
ment is the current edition as of the date of the NFPA issuance 
of this standard. Some of these mandatory documents might 
also be referenced in this standard for specific informational 
purposes and, therefore, are also listed in Appendix B. 


7-1.1 NFPA Publications. National Fire Protection Associa- 
tion, | Batterymarch Park, P.O. Box 9101, Quincy, MA 02269- 
9101. 


NFPA 11, Standard for Low-Expansion Foam, 1998 edition. 


NFPA 11A, Standard for Medium- and High-Expansion Foam 
Systems, 1999 edition. 
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NFPA 13, Standard for the Installation of Sprinkler Systems, 
1996 edition. 
NFPA 14, Standard for the Installation of Standpipe and Hose 
Systems, 1996 edition. 
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec- 
tion, 1996 edition. 
NFPA 20, Standard for the Installation of Centrifugal Fire 
Pumps, 1996 edition. 
NFPA 22, Standard for Water Tanks for Private Fire Protection, 
1998 edition. 
NFPA 24, Standard for the Installation of Private Fire Service 
Mains and Their Appurtenances, 1995 edition. 
NFPA 25, Standard for the Inspection, Testing, and Maintenance 
of Water-Based Fire Protection Systems, 1998 edition. 
NFPA 30, Flammable and Combustible Liquids Code, 1996 edi- 
tion. 
NFPA 70, National Electrical Cod&, 1999 edition. 
NFPA 72, National Fire Alarm Cod&, 1996 edition. 
NFPA 409, Standard on Aircraft Hangars, 1995 edition. 


7-1.2 ASME Publication. American Society of Mechanical 
Engineers, 345 East 47th Street, New York, NY 10017. 

ASME Boiler and Pressure Vessel Code, Section VII, Division 1, 
Rules for Construction of Pressure Vessels, 1998. 


Appendix A Explanatory Material 


Appendix A is not a part of the requirements of this NFPA docu- 
ment but is included for informational purposes only. This appendix 
contains explanatory material, numbered to correspond with the appli- 
cable text paragraphs. 


A-1-1.2 For medium- and high-expansion foam, see NFPA 
11A, Standard for Medium- and High-Expansion Foam Systems. 


A-1-2 The uses of foam (or mechanical foam, as it was first 
called) for fire protection have increased greatly since it was 
first used in the 1930s. Original applications of this agent uti- 
lized a proteinaceous-type liquid foam-forming concentrate 
delivered in water solution to a turbulence-producing foam 
generator or nozzle that then directed the mechanically 
formed foam to a burning fuel tank or area of burning flam- 
mable fuel. (Details of these and similar applications are 
found in NFPA 11, Standard for Low-Expansion Foam, NFPA 402, 
Guide for Aircraft Rescue and Fire Fighting Operations, and NFPA 
403, Standard for Aircraft Rescue and Fire-fighting Services at Atr- 
ports.) As the technology for using this agent developed over 
the years, new systems and new devices for applying the foam 
to the hazard being protected and new foam-forming liquid 
concentrates were proven useful for fire protection purposes. 
The application of foam from overhead sprinkler-type systems 
using specially designed foam-making nozzles capable of 
either forming a foam from protein-type foam concentrate 
solutions or delivering a satisfactory water discharge pattern 
where supplied with water only, was an early development 
(circa 1954) in foam fire protection. Protein, fluoroprotein, 
and aqueous film-forming concentrates or film-forming fluo- 
roprotein foam concentrates (as defined in NFPA 11, Standard 
for Low-Expansion Foam) are suitable for use with foam-water 
sprinklers. This latter type of foam concentrate also has been 
found to be suitable for use with standard sprinklers of the 
type referred to in NFPA 13, Standard for the Installation of Sprin- 
kler Systems, where the system is provided with the necessary 
foam concentrate proportioning equipment. Care should be 


1999 Edition 


exercised to ensure that the choice of concentrate and dis- 
charge device are listed for use together. 

This standard is based on available test data and design expe- 
rience concerning the design information, installation recom- 
mendations, operating methods, and maintenance needs for the 
types of foam-water sprinkler systems previously described and 
foam-water spray systems utilizing protein, fluoroprotein, or 
aqueous film-forming foam or film-forming fluoroprotein foam 
concentrates. These systems possess the common ability to either 
discharge foam in a spray form or discharge water in a satisfactory 
pattern for fire protection purposes. 


A-1-3 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce- 
dures, equipment, or materials; nor does it approve or eval- 
uate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the 
authority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure, or use. The author- 
ity having jurisdiction may also refer to the listings or 
labeling practices of an organization that is concerned with 
product evaluations and is thus in a position to determine 
compliance with appropriate standards for the current pro- 
duction of listed items. 


A-1-3 Authority Having Jurisdiction. The phrase “authority 
having jurisdiction” is used in NFPA documents in a broad 
manner, since jurisdictions and approval agencies vary, as do 
their responsibilities. Where public safety is primary, the 
authority having jurisdiction may be a federal, state, local, or 
other regional department or individual such as a fire chief; 
fire marshal; chief of a fire prevention bureau, labor depart- 
ment, or health department; building official; electrical 
inspector; or others having statutory authority. For insurance 
purposes, an insurance inspection department, rating bureau, 
or other insurance company representative may be the author- 
ity having jurisdiction. In many circumstances, the property 
owner or his or her designated agent assumes the role of the 
authority having jurisdiction; at government installations, the 
commanding officer or departmental official may be the 
authority having jurisdiction. 


A-1-3 Discharge Devices. There are three principal types of 
discharge devices that are installed at the discharge outlets of 
the systems covered by this standard. Care should be exercised 
to ensure that the choice of foam concentrate and discharge 
device are listed for use together. 

(a) Foam-Water Sprinklers. These discharge devices are spe- 
cially designed, open-type, air-aspirating sprinklers consisting 
of an open barrel body foam maker that terminates in a deflec- 
tor to shape the pattern of the foam or water issuing from the 
assembly. These devices produce water discharge patterns 
comparable to those of standard sprinklers. (See NFPA 13, Stan- 
dard for the Installation of Sprinkler Systems, where discharging at the 
same rates of flow.) 

(b) Spray Nozzles. These discharge devices are open, direc- 
tional spray nozzles. Where supplied with an approved foam 
solution such as aqueous film-forming foam (AFFF), they dis- 
charge foam in a pattern peculiar to the discharge device. (See 
NFPA 11, Standard for Low-Expansion Foam, for specifics on appli- 
cation rates.) 

(c) Standard Sprinklers. These discharge devices are the 
standard sprinklers, without heat-responsive elements, 
referred to in NFPA 13, Standard for the Installation of Sprinkler 
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Systems, and they are non-air-aspirating. Where they are sup- 
plied with AFFF, air foam solution, or film-forming fluoropro- 
tein (FFFP) air foam solution, a foam discharge pattern is 
produced closely conforming to the water discharge pattern 
of these sprinklers. 


A-1-3 Foam. This standard deals with low-expansion foam. 
For medium- and high-expansion foam, see NFPA 11A Sian- 
dard for Medium- and High-Expansion Foam Systems. 


A-1-3 Foam-Water Deluge System. Foam-water sprinklers are 
open-type sprinklers designed to do the following: 


(a) Receive foam solution (water plus liquid concentrate) 

(b) Direct the solution through an integral foam maker, the 
nozzle action of which breaks the solution into spray and 
discharges it into a mixing tube where it combines with 
air drawn in through openings in the housing 

(c) Provide mixing chamber capacity for development of the 
air foam 

(d) Direct the formed foam discharging from the open end of 
the mixing tube against a deflector, shaped to distribute the 
foam in a pattern essentially comparable to the water distri- 
bution pattern of present-day standard sprinklers (nomen- 
clature from current edition of NFPA 13, Standard for the 
Installation of Sprinkler Systems), and to do so with essentially 
no impingement of the foam on the ceiling 

(e) Develop a water distribution pattern directly comparable 
to that of standard sprinklers, in the case of discharge of 
water only (i.e., in the absence of foam) 


The normal direction of discharge from foam-water sprin- 
klers is downward. To provide a choice in installation design, 
foam-water sprinklers are produced for installation in the 
upright position and in the pendent position with the pattern 
of discharge in either case in the downward direction. Sprin- 
kler deflectors are formed to produce the required discharge 
pattern, which could mean differing shapes of deflectors for 
each of the two positions of installation. The variation in the 
shape of deflectors is illustrated in Figure A-1-3(a). 


Upright mounting 


Pendent mounting 


Figure A-1-3(a) Variations in deflector shape. 


A-1-3 Foam-Water Dry Pipe System. Dry pipe systems are 
inherently slower in operation and have a tendency to develop 
internal scale. Since the foam solution would be proportioned 
into the system upon operation, the first discharge would be 
an effective foam. However, due to the slower operation, this 


should be considered the least desirable type of sprinkler sys- 
tem for closed-head foam-water sprinkler application. 


A-1-3  Foam-Water Preaction System. These systems combine 
the features of both wet pipe and dry pipe systems. The pip- 
ing is empty and might, or might not, contain air under low 
pressure for supervision of the piping. There is a separate 
detection system that operates the water control valve to 
release foam solution into the piping. (The actuating means 
of the valve is described in NFPA 13, Standard for the Installa- 
tion of Sprinkler Systems.) This detection system should be 
more sensitive than the sprinkler elements. 


With this arrangement, foam solution is usually released 
into the piping before the sprinklers operate so that, when 
they do, there is an immediate discharge, as with a wet pipe 
system. To ensure this discharge, supervision of the actuation 
system is recommended. 


Foam solution would be proportioned into the system upon 
operation, so there is no need for prepriming. Overall response 
time generally approaches that of a wet pipe system. Actual time 
of foam discharge would depend on the type of separate detec- 
tion system used and the type of fire. With a very rapidly develop- 
ing fire, the sprinklers might begin to operate very close to the 
initial operation of the separate detection system, and the piping 
might not have time to fill with foam solution to achieve immedi- 
ate discharge. With a slowly developing fire, there would be suffi- 
cient time to fill the piping, and there would be a discharge of 
fresh foam upon sprinkler operation. 


These systems are more complex than dry pipe and wet pipe 
systems, and this factor should be considered. 


A-1-3 Foam-Water Spray System. Foam-water spray nozzles 
combine a foam maker with a body and a distributing deflector. 
They generate foam in the same manner described for foam- 
water sprinklers, where supplied with foam solution under pres- 
sure, and distribute the resulting foam, or water in the absence of 
foam solution, ina special pattern peculiar to the particular head. 

Foam-water spray nozzles are available in a number of pat- 


terns with variations in discharge capacity. See Figure A-1-3(a) 
and Figure A-1-3(b). 


i 


Figure A-1-3(b) Foam-water spray nozzle. 


A-1-3_ Foam-Water Sprinkler System. These systems can be 
preprimed with foam solution. This solution would remain in 
the piping until the system is called upon to operate. 
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Preprimed systems could require draining, flushing, and 
repriming on a periodic basis (see Section 6-3). This procedure 
will require an investment in both time and material and 
should be programmed into the total system operating cost. 


A-1-3 Listed. The means for identifying listed equipment 
may vary for each organization concerned with product evalu- 
ation; some organizations do not recognize equipment as 
listed unless it is also labeled. The authority having jurisdiction 
should utilize the system employed by the listing organization 
to identify a listed product. 


A-1-3 Preprimed System. These systems have the piping nor- 
mally filled with foam solution so that there is an immediate 
discharge of solution when the sprinkler operates. They are 
the fastest, simplest, and most reliable of all types of sprinkler 
systems. Foam concentrates in solution will form sediment or 
can deteriorate where stored in system piping. Contact the 
manufacturer for guidance. 


A-1-4.5 The purpose of a reserve supply of concentrate is to 
have the means available for returning systems to service-ready 
condition following system operation. 


A-1-4.6 Most test work conducted with closed-head sprin- 
klers has been performed with preprimed systems or systems 
where foam solution is discharged very quickly — that is, less 
than 1 minute. The inherent design philosophy is that foam 
solution is discharged rapidly on the fuel hazard. Where only 
water is in the sprinkler piping, the designer and the authority 
having jurisdiction should satisfy themselves that the foam 
solution delay time is acceptable for the given hazard. Factors 
to consider include the combustible/flammable liquid fuel 
hazard, associated ordinary combustibles, probable fire 
growth rate, number of sprinklers expected to operate, and 
the involvement of commodities at the time of foam dis- 
charge. Fire growth factors include flash point of the fuel, 
water miscibility, container package, and storage height. 


Foam concentrate manufacturers generally do not recom- 
mend prepriming with foam solution where alcohol-type con- 
centrates are used. The foam concentrate manufacturers 
should be consulted. The factors cited above should then be 
considered if the system is not preprimed with foam solution. 
(See A-1-3, Foam-Water Sprinkler System, for draining and flushing 
guidance.) 


A-1-5.1 Caution should be exercised when auxiliary extin- 
guishing equipment is used with these systems. Some extin- 
guishing agents are incompatible with some foams. The 
manufacturers should be consulted. 


Most foams are not considered suitable extinguishing 
agents on fires involving liquefied or compressed gases, (e.g., 
butane, butadiene, propane, etc.); nor on materials that will 
react violently with water (e.g., metallic sodium) or that will 
produce hazardous materials by reacting with water; nor on 
fires involving electrical equipment where the electrical non- 
conductivity of the extinguishing agent is of first importance. 


A-1-5.4 Several AFFF and FFFP concentrates have been 


listed with standard sprinklers for use on nonmiscible 
hydrocarbons such as heptane, gasoline, fuel oil, crude oils, 
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and so forth, and therefore can be permitted to be used on 
these products. Polar solvents in depth, such as acetone, 
methyl ethyl ketone, methyl isobutyl ketone, methanol, eth- 
anol, and isopropanol, have been successfully extinguished 
with special alcohol-type foam concentrates and standard 
sprinklers. In all cases, the agent to be used should be deter- 
mined to be effective on the particular hazardous product 
by means of listing tests or special testing by the manufac- 
turer where necessary. Application rates can be higher than 
the required 0.16 gpm/ft? (6.5 L/min-m?) for some spe- 
cific polar solvents. 


A-1-5.5 See Appendix E of NFPA 11, Standard for Low-Expan- 
sion Foam. 


A-2-3.1 Foam concentrates meeting the requirements of 2-3.1 
are available in 3 percent and 6 percent concentrations. Some 
foam concentrates are available for use at temperatures as low 


as 20°F (-28°C). 


A-2-3.3, Authorities having jurisdiction should be consulted as 
to the type of a reserve supply of foam concentrate. The pur- 
pose of a reserve supply of foam concentrate is to have avail- 
able the means for returning systems to service-ready 
condition following system operation. This supply might be 
permitted to be in separate tanks or compartments, in drums 
or cans on the premises, or it might be permitted to be avail- 
able from an outside source within 24 hours. 


A-24.2 Figures A-2-4.2(a) through A-2-4.2(h) are schematic 
arrangements of equipment illustrating the principle of opera- 
tion of various proportioning methods. Other arrangements or 
components also can be used to accomplish the same purpose. 


The proportioning device selected should be capable of 
providing a nominal concentration of foam concentrate over 
the range of flows and pressures for the hazard being pro- 
tected. Balanced-pressure proportioning systems utilizing 
foam concentrate pumps will tend to proportion at a higher 
percentage than anticipated when operating at low flow rates. 
However, diaphragm or bladder tank-type systems will pro- 
portion at a significantly reduced percentage at low flow rates 
and, therefore, should not be used below their minimum 
design flow range. (See Section 5-3. ) 


The foam liquid-concentrate metering orifice can be calcu- 
lated by using the following formula: 


C= KCd° JAP 


where: 
K = constant of particular foam liquid concentrate (avail- 
able from the manufacturer) 
C = orifice constant 
d = diameter of orifice (in.) 


AP = pressure differential across the orifice plate 
Q = volume of foam liquid concentrate (gpm) 
The coefficient C is affected by several factors that include 


orifice shape, viscosity of foam liquid, velocity, and ratio of ori- 
fice diameter to pipe diameter. 
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Figure A-2-4.2(a) Schematic arrangement of foam liquid-concentrate storage tank, liquid-concentrate pump, 
metering proportioners, and interconnecting piping. 


Pilot line 


-1-- line 


c] 

ov 

A 

} at 

(| Valve diaphragm 
L 

Y 

Ye 


7 A 
Hy 


Strainer 


\W\ 
YAAAANANASAAAAAASN SSS SS 
vo TN 


um 
mn 


Metering orifice 


Y 
eoceeserezed YY — Foam liquid 


Foam liquid pump 


Proportioning 


i controller ] 


System riser 


| I a. 


“Ss 


Water —> Water —>| Ps ” Broportioned foam solution / 


Figure A-2-4.2(b) Balanced-pressure proportioning system. 
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Figure A-2-4.2(c) Pressure proportioning tank with 
diaphragm. 
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Figure A-2-4.2(d) Pressure proportioning tank method (pressure proportioning tank with diaphragm). 
The arrangement of these devices can take a variety of forms. A single tank or a battery of tanks manifolded 
together can be used. 
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Figure A-2-4.2(e) Balanced-pressure proportioners (with concentrate pump). 


A-2-4.3(c) In-line eductors (inductors) should only be used 
for open-head or deluge systems. 


A-2-4.4 See A-24.2 for formula for calculation of size of orifices 
used in metering foam concentrates. 


A-2-5 Foam concentrate pumps should have reliability equiva- 
lent to that of approved fire pumps. Foam concentrate pumps 
are generally of the positive displacement variety. Centrifugal 
pumps might not be suitable for use with foams exhibiting high 
viscosity characteristics. The foam equipment manufacturer 
should be consulted for guidance. 


A-2-5.1.1 Foam concentrate pumps are generally of the positive 
displacement variety. Centrifugal pumps might not be suitable 
for use with foam concentrates exhibiting high viscosity charac- 
teristics. The foam equipment manufacturer should be consulted 
for guidance. 


A-2-5.3 Any type of pump (such as a centrifugal or positive dis- 
placement pump) capable of overpressurizing the system should 
be provided with an adequate means of pressure relief. 


A-2-5.4 Flushing of the foam concentrate pump might be neces- 
sary at periodic intervals or following complete discharge of con- 
centrate. 


A-2-7.3.3, Where sight glasses are used to gauge the foam concen- 
trate level, they can indicate false levels if the more viscous foam 
concentrates are used. 


A-2-7.4 Where sight glasses are used to gauge the foam concen- 
trate level, they can indicate false levels if the more viscous foam 
concentrates are used. 


A-2-8.2 Foam solutions react with steel pipe in such a way that, 
over a period of time, the foam solutions lose their capability to 
produce a fire-resistant foam. Therefore, in a wet pipe system, 
there could be a delay in the discharge of effective foam until all 
the preprimed solution has been flushed out and fresh foam 
solution reaches the opened sprinklers, unless corrective steps 
are taken. 


A-2-8.3 Rubber-gasketed fittings subject to direct fire exposure 
are generally not suitable. Where necessary for piping flexibility 
or for locations subject to earthquake, explosion, or similar haz- 
ards, such installations can be permitted. In such cases, special 
hanging or bracing might be necessary. 
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Fill cup 


SS Water supply <> Ball valve 
Foam solution “Swing check valve 
Foam concentrate line bi Motorized valve (optional) 


yr Proportioning controller 


Figure A-2-4.2(f) Balanced-pressure proportioning (bladder system). 


A-2-11.1 In bladder tank systems, the pressure drop created by 
the strainer can upset the foam and water pressure balance 
and can cause lean proportioning. Therefore, foam concen- 
trate strainers are not recommended in bladder tank systems. 


A-2-12.1 Many valves in the foam proportioning system, if left in 
an incorrect position, can compromise or even disable the foam 
proportioning system. Examples of valves critical to proper oper- 
ation of the foam proportioning system that are intended to be 
supervised include, but are not limited to, valves in the supply 
from the foam concentrate storage tank, valves in the return to 
storage tank, storage tank drain valves, strainer blow-off valves, 
foam concentrate pump supply and discharge valves, bypass 
valves around diaphragm valves or pressure regulating valves, and 
valves at the inlet to the proportioner. 


A-2-13 In order to provide a means of periodically checking 
the performance of the proportioners used in foam sprinkler 
systems, a test connection should be provided. Typical test 
connections are illustrated in Figure A-2-13. Two options are 
possible in locating the proportioning controller in the sprin- 
Kler riser: before the main sprinkler valve or after the main 
sprinkler valve. If the proportioning controller is located after 
the main sprinkler valve, an additional supervised OS&Y valve 
is needed in order to isolate the sprinkler overhead during the 
proportioner test. The test connection should be routed to a 
drain area for easy disposal of the solution produced during 
the test. (See Figure A-2-13. ) 


A-3-1 The fire-fighting efficiency of foams is not significantly 
affected by water temperatures between 35°F and 100°F (2°C and 
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Internal bladder 


Foam concentrate line 


Note: A motorized foam concentrate valve 
permits the activation of this system 
from any remote signaling source. 


38°C), although some reduction in expansion occurs with very 
cold water. If the temperature exceeds 100°F (38°C), however, 
foam stability and fire-fighting efficiency usually is reduced. 


A-3-2.2. It should be ascertained if the installation of a listed back- 
flow prevention assembly is required. 


A-3-2.3. Local regulations might require a means for removal or 
retention of the largest flammable liquid spill plus the actual cal- 
culated flow from the maximum number of systems expected to 
operate for their calculated duration plus hose streams. 


A-3-2.4 Wherever practicable the fire department connection to 
the foam-water sprinkler system should be separate from the nor- 
mal building fire sprinkler system. Signs and placards could be 
appropriate to alert the fire department. 


A-4-3.1 For supervision of valves, refer to NFPA 24, Standard for 
the Installation of Private Five Service Mains and Their Appurtenances. 


See NFPA occupancy standards, where applicable. 


A-4-3.2 For protection of some flammable liquids, foam manu- 
facturers might recommend application densities considerably 
higher than the minimum densities specified herein or by occu- 
pancy standards. These higher application densities are generally 
a result of specific fire tests performed on a particular fuel and 
should be considered in a system design. 

Individual hazards might require minimum discharge pres- 
sures to adequately compensate for environmental effects 
such as wind. See NFPA 15, Standard for Water Spray Fixed Sys- 
tems for Fire Protection, for additional information. 
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Figure A-2-4.2(g) In-line balanced-pressure proportioning system. 


A-4-3.5.1 Where piping integrity is checked by pressurization 
from a jockey pump or other suitable means, care should be 
taken to prevent overpressurization of system components 
and piping. A suitable means of pressure relief should be pro- 
vided if necessary. 


A-4-3.8.1 The spacing of automatic detection equipment for 
systems installed for protection against fire exposure might 
call for a different arrangement from that required for other 
types of systems. 


A-4-3.8.5 See NFPA 70, National Electrical Code, Chapter 5, par- 
ticularly Article 500. 


A-4-4.1.4 The friction losses in piping carrying foam concen- 
trate can be calculated by using the Darcy formula. 


2 
Darcy formula: AP = ocoonro 22 
ad 


AR = 30:60 
du 


Reynolds number: 


AP = friction loss (psi) 


Ul 


length of pipe (ft) 


Foam concentrate 
/ return valve 
<> 


ash Valved flush-in connection (plugged) 
aa Valved flush-out connection (plugged) 
"S$ Strainer with valved side outlet 


Fill connection 
/ with fill funnel 
Foam concentrate storage tank 


—-—--— Water 
Foam concentrate 


Foam solution 
SS Foam concentrate sensing 


= friction factor 

= weight density of fluid (1b/ft*) 
flow (gpm) 

= pipe diameter (in.) 


= absolute (dynamic) viscosity in centipoise 


~F al Dy 
fT 


= Reynolds number 


A-4-4.2.2 Where the specified areas of demand are selected 
close to the source of supply, the higher available pressures 
can increase the flow beyond the capacity of the foam propor- 
tioning equipment. 


A-4-4.2.3 Where excessive variations exist between calculated 
demand and available water supply, the actual excess dis- 
charge can exceed the capacity of the foam system to operate 
for the minimum 7-minute run time. A verification calculation 
should be made as follows: 


Multiply the actual predicted system flow by the foam con- 
centrate percentage, then divide this answer into the foam 
quantity as determined in 4-3.3.1. The time indicated should 
be 7 minutes or greater. 


A-5-1 Underground mains and lead-in connections to system 
risers should be flushed through hydrants at dead ends of the 
system or through accessible aboveground flushing outlets, 
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Figure A-2-4.2(h) In-line balanced-pressure proportioning system with bladder tank. 


allowing the water to run until clear. If water is supplied from 
more than one source or from a looped system, divisional 
valves should be closed to produce a _ high-velocity flow 
through each single line. 

It is recommended that foam concentrate lines be tested 
using foam concentrate as the testing medium. 


A-5-2.1 To prevent the possibility of serious water damage in 
case of a break, pressure should be maintained during the 2- 
hour test period by a small-capacity pump, with the main con- 
trolling gate closed tightly during this period. 


A-5-2.2 See NFPA 24, Standard for the Installation of Private Fire 
Service Mains and Their Appurtenances. 


A-5-3.1 The following are acceptance test recommendations. 
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(a) All tests should be made by the contractor in the pres- 
ence of the inspector for the authority having jurisdiction. 


(b) Before asking for final approval of the protective 
equipment by the authority having jurisdiction, installation 
companies should furnish a written statement to the effect 
that the work covered by its contract has been completed and 
all specified flushing of underground, lead-in, and system pip- 
ing has been successfully completed, together with specified 
hydrostatic pressure tests and system—foam discharge tests. 


(c) The samples of the contractor’s material and test cer- 
tificates for aboveground and underground piping that 
appear in Chapter 1 of NFPA 13, Standard for the Installation of 
Sprinkler Systems, can be useful to the contractor as a guide in 
filing written statements as described in A-5-3.1(b). 
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Note: Details typical of deluge sprinkler system with bladder-type proportioner. 


Figure A-2-13 Test connection detail. 


(d) Where full flow tests with foam cannot be performed 
for foam-water deluge systems, a full flow discharge test with 
water only and a test of component function to verify design 
capability should be considered. Where full discharge tests 
with water cannot be performed, a test of component func- 
tion to verify design capability should be performed. 

(e) Foams produced from foam-water discharge outlets 
are generally of lower expansion and faster drainage than 
from other foam-producing devices. Laboratory listing and 
test data demonstrate that satisfactory fire control and 
extinguishment of petroleum fuels can be achieved using 
foam-water sprinklers producing foam characteristics as fol- 
lows: 

1. Protein foam and fluoroprotein foam. 
Expansion: 3:1 to 8:1 
25 percent drainage time: 15 seconds minimum 


These data apply to foam characteristics determined by 
the method specified in Appendix C of NFPA 11, Standard 
for Low-Expansion Foam. 


2. Aqueous film-forming foam. 
Expansion: 3:1 to 8:1 
25 percent drainage time: 60 seconds minimum 


These data apply to foam characteristics determined by 
the method specified in Appendix C in NFPA 11, Standard 
for Low-Expansion Foam. 

Numerical values developed by use of the two test meth- 
ods referenced above are not directly comparable, so care 
should be taken to use the proper test method. In general, 


AFFF drains much more rapidly than protein and fluoro- 
protein foams, necessitating use of the alternate method. 


A-5-4 Proportioning System Testing. Historical data prove that 
an average of only four to five sprinklers operate during a 
fire. This would produce flow that is considerably lower 
than the flow that is designed for system operation. These 
lower flows will cause an increase in the pressure through 
the system. Because foam-water sprinkler systems are bal- 
anced to provide a given density of foam, increased pres- 
sures can be detrimental to the system's effectiveness. 
Therefore, it is necessary to be able to test these systems at 
the lowest anticipated flow to determine that the propor- 
tioner is capable of injecting the appropriate amount of 
foam concentrate at the increased pressures. 


A-5-4.2 Conductivity Method. This method is based on 
changes in electrical conductivity as foam concentrate is 
added to water. A handheld conductivity meter is used to 
measure the conductivity of foam solutions in microsiemen 
units. Conductivity is a very accurate method, provided 
there are substantial changes in conductivity as foam con- 
centrate is added to the water in relatively low percentages 
(i.e., 1 percent, 3 percent, or 6 percent). Since salt or brack- 
ish water is very conductive, this method might not be suit- 
able due to small conductivity changes as foam concentrate 
is added. It will be necessary to make foam and water solu- 
tions in advance to determine if adequate changes in con- 
ductivity can be detected if the water source is salty or 
brackish. 
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(a) Equipment Required. Prepare a base (calibration) 
curve using the following apparatus: 
1. Four 100-ml plastic bottles with caps 
One 10-ml measuring pipette or 10-cc syringe 
One 100-ml graduated cylinder 
Three plastic-coated magnetic stirring bars 


ov ee be 


One portable temperature-compensated conductivity 
meter — Omega Model CDH-70, VWR Scientific Model 
23198-014, or equivalent 

6. Standard graph paper 

7. Arruler or other straightedge 

(b) Procedure. Using the water and foam concentrate from 
the system to be tested, make up three standard solutions 
using the 100-ml graduate. These samples should include the 
nominal intended percentage of injection, the nominal per- 
centage plus 1 or 2 percentage points, and the nominal per- 
centage minus | or 2 percentage points. Place the water in the 
100-ml graduate (leaving adequate space for the foam concen- 
trate), and then carefully measure the foam concentrate sam- 
ples into the water using the syringe. Use care not to pick up 
air in the foam concentrate samples. Pour each measured 
foam solution from the 100-ml graduate into a 100-ml plastic 
bottle. Each bottle should be marked to indicate the percent 
solution it contains. Add a plastic stirring bar to the bottle, cap 
it, and shake thoroughly to mix the foam solution. 

After making the three foam solutions in this manner, mea- 
sure the conductivity of each solution. Refer to the instruc- 
tions that come with the conductivity meter to determine 
proper procedures for taking readings. It will be necessary to 
switch the meter to the correct conductivity range setting in 
order to obtain a proper reading. Most synthetic-based foams 
used with fresh water will result in foam solution conductivity 
readings of less than 2000 microsiemens. Protein-based foams 
will generally produce conductivity readings in excess of 2000 
in fresh water solutions. Due to the temperature compensa- 
tion feature of the conductivity meter, it can take a short time 
to obtain a consistent reading. 

Once the solution samples have been measured and 
recorded, set the bottles aside for control sample references. 
The conductivity readings should then be plotted on the 
graph paper. It is most convenient to plot the foam solution 
percentage on the horizontal axis and conductivity readings 
on the vertical axis. 

Use a ruler or straightedge to draw a line that approximates 
connecting all three points. Although it might not be possible 
to hit all three points with a straight line, they should be very 
close. If not, repeat the conductivity measurements and, if 
necessary, make new control sample solutions until all three 
points plot in a nearly straight line. This plot will serve as the 
known base (calibration) curve to be used for the test series. 

(c) Sampling and Analysis. Collect foam solution samples 
from the proportioning system, using care to ensure the sample 
is taken at an adequate distance downstream from the propor- 
tioner being tested. Using foam solution samples that are 
allowed to drain from expanded foam can produce misleading 
conductivity readings and, therefore, is not recommended. 

Once one or more samples have been collected, read their 
conductivity and find the corresponding percentage from the 
base curve prepared from the control sample solutions. 

Foam Solution Concentration Determination. This test is used to 
determine the percent concentration of a foam concentrate in 
the water being used to generate foam. It is typically used as a 
means of determining the accuracy of a system's proportion- 
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ing equipment. If the level of foam concentrate injection var- 
ies widely from design, it might abnormally influence the 
expansion and drainage foam quality values, which might 
influence the foam's performance during fire. 

There are two acceptable methods for measuring foam 
concentrate percentage in water. Both methods are based on 
comparing foam solution test samples to premeasured solu- 
tions, which are plotted on a baseline graph of percent con- 
centration versus instrument reading. 

Refractive Index Method. See Figure A-5-4.2(a) and A-5- 
4.2(b). A handheld refractometer is used to measure the 
refractive index of the solution samples. This method is not 
particularly accurate for AFFF or alcohol-resistant foams, since 
they typically exhibit very low refractive index readings. For 
this reason, the conductivity method might be preferred when 
these products are used. See Figure A-5-4.2(c) and A-5-4.2(d). 
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Figure A-5-4.2(a) Refractive index vs. concentration — handheld 
refractometer. 


(a) Equipment Required. A base (calibration) curve is pre- 
pared using the following apparatus: 
1. Four 100-ml plastic bottles with caps 
One 10-ml measuring pipette or 10-cc syringe 
One 100-ml graduated cylinder 
Three plastic-coated magnetic stirring bars 


One handheld refractometer — American Optical 
Model 10400 or 10441, Atago N1, or equivalent 


6. Standard graph paper 


a a eh 


7. Aruler or other straightedge 
(b) Procedure. Using the water and foam concentrate from 
the system to be tested, make up three standard solutions 
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Figure A-5-4.2(b) Refractive index vs. concentration — laboratory 
refractometer. 


using the 100-m]l graduate. These samples should include the 
nominal intended percentage of injection, the nominal per- 
centage plus 1 or 2 percentage points, and the nominal per- 
centage minus | or 2 percentage points. Place the water in the 
100-ml graduate (leaving adequate space for the foam concen- 
trate), and then carefully measure the foam concentrate sam- 
ples into the water using the syringe. Use care not to pick up 
air in the foam concentrate samples. Pour each measured 
foam solution from the 100-ml graduate into a 100-ml plastic 
bottle. Each bottle should be marked to indicate the percent 
solution it contains. Add a plastic stirring bar to the bottle, cap 
it, and shake thoroughly to mix the foam solution. 

After thoroughly mixing the foam solution samples, a 
refractive index reading is taken of each percentage foam 
solution sample. This is done by placing a few drops of the 
solution on the refractometer prism, closing the cover plate, 
and observing the scale reading at the dark yield intersection. 
Since the refractometer is temperature compensated, it can 
take 10 to 20 seconds for the sample to be read properly. It is 
important to take all refractometer readings at ambient tem- 
peratures of 50°F (10°C) or above. 

Using standard graph paper, plot the refractive index read- 
ings on one axis and the percent concentration on the other. 
The resulting plotted curve will serve as the known baseline 
for the test series. Set the solution samples aside in the event 
the measurements need to be checked. 


(c) Sampling and Analysis. Collect foam solution samples 
from the proportioning system, using care to ensure the sam- 
ples are taken at an adequate distance downstream from the 
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Figure A-5-4.2(c) Conductivity vs. concentration — handheld conduc- 
tivity meter. 


proportioner being tested. Take refractive index readings of 
the samples and compare them to the plotted curve to deter- 
mine the percentage of the samples. 


A-5-4.3 Particular attention should be given to strainers or 
other small openings. 


A-6-1 In order to provide a means of periodically checking the 
performance of the proportioners used in foam sprinkler sys- 
tems, a test connection should be provided. Typical test con- 
nections are illustrated in Figure A-2-13. Two options are 


Figure A-5-4.2(d) Sampling equipment and samples for FFFP con- 
centration test. 
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possible in locating the proportioning controller in the sprin- 
Kler riser: before the main sprinkler valve or after the main 
sprinkler valve. If the proportioning controller is located after 
the main sprinkler valve, an additional supervised OS&Y valve 
is needed in order to isolate the sprinkler overhead during the 
proportioner test. This is done to eliminate the problems 
caused by air cushions in wet pipe sprinkler systems or the ser- 
vicing delays caused where charging and draining preaction 
or deluge sprinkler systems. The test connection should be 
routed to a drain area for easy disposal of the solution pro- 
duced during the test. The manufacturer’s test procedures 
should be followed closely. 


A-6-3 An inspection contract with the installer of the equip- 
ment for service tests and operation at regular intervals is rec- 
ommended and could be required by the authority having 
jurisdiction. 

Samples of foam liquid concentrate should be referred to 
the manufacturer to check its condition annually. 

Samples should be submitted in accordance with the man- 
ufacturer’s recommended sampling procedure. 


Appendix B Referenced Publications 
B-1 The following documents or portions thereof are refer- 


enced within this standard for informational purposes only 
and are thus not considered part of the requirements of this 
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standard unless also listed in Chapter 7. The edition indicated 
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the NFPA issuance of this standard. 
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Dial AGE ME 3: casedegss 6: danas: Gade aust tng, es ee al ees, Ress aed 1-5.1 
DETLOS wn oteeole des cths scars Menten ccatodenctel eur bane g wos wih eae 1-4.3, 2-3.2, 43.3 
Rate... 2-3.2, 2-13, 3-2.1, 3-2.3, 43.2 to 43.3, 5-4.2, A-3-2.3, A-4-3.2 
TET DOU sos ican 8 es ten Ga oe Sg BOF Re FR 1-3 
MOSHING sos. FAs aot and als ays OER ae oP Cd dae ke Pe Sais PED; ASD3 1] 
Ol Water so 546 454 84646 2b 8 46994 4 see Water supplies 
Discharge devices............... 0000s eee eee 1-5.1, 2-2, A-1-2 
DFM TOTS). 53:6 hula she ae savbie lelesye tat 05a edadinl dhe daarale-godudenets 1-3, A-1-3 
DDiSCH Aree TACO: 26 55558 hich esas ode edy ae Seo Sadho dons Bea eet Sar 1-5.2(a) 
1D e111: 1. ea a OR Re PIER OED PCE SRP 43.6 
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Drivers, foam concentrate pumps ....................0000005 2-6 
Dry-pipe system..................5 see Foam-water dry pipe system 
-E- 

Electrical equipment fires .................0000 00 cee eee 1-5.3 
Equipment. see also Proportioning systems; System-control equipment 

Electrical equipment fires .... 0.0.00... ee eee 1-5.3 
IMStHUCHONS 5 .reccon wpe lng ee meee wal Ee mscenlte ere acane dene te EM ORO 
Equivalency to standard .............. 0.6. c cece nee 1-2.1 
Existing systems ........ 20.0.0... cece eens 1-2.2, 1-6.2 
Exposure protection... 0.2.0.2... 0.00.0 cece cee eee 1-5.2(c) 
Extinguishment..... 0.6.0.0. 66 ene 1-5.2(a) 
F- 
Film-forming fluoroprotein foam concentrate........ A-1-2, A-1-5.4 
DCH. ese Belch aig Rog buct near alk lee hho olelieeh Biigr aig toate aie teday 1-3 
Fire department connections...................... .3-2.4, A-3-2.4 
Fire prevention 4: «604.353 igi eta he tien aati kh Ne regs 1-5.2(b) 
Fires 
Class: (denon): S554 65549-4059 694 CFE ES ER 1-3 
Glass Fe (deHAINGG seas Svc eas ON Ek RE Oe ER RR ER ROR 1-3 
Combination Class A and ClassB ....... 2.2.0... 0.20 e ee 1-5.1 
Unsuitable for foam use... . 0.0.0.0... 000 cee eee 1-5.3, A-1-5.1 
Fitsings;. Pipes ¢.6.08tic 2s ellis Goagidora tens slams dieters Sage led doocandeans 2-8 
Flammable liquids 
Applicability to hazards of ... 0.0.0.0... 0.0 cee eee eee 1-5.2 
Drainage of spills .. 1.2... 0... eee eee eee 4-3.6, A-3-2.3 
Fluoroprotein foam .............. 0.0.00 e ee eee eee A-1-2, A-5-3.1 
Devnitions. Srteh oe eae Soe sne MOH ye Poe Le mae atta 1-3 
Flushing of supply piping.............................5-1,A-5-1 
Foam 
Contamination by.................. 1-5.5, 3-2.2, A-1-5.5, A-3-2.2 
Definition cnc yin hy atte etic t at danke Sse 1-3, A-1-3 
TY Pes Obs) h 85.5 bus ghee bos Sod anise s gre, Petes eA Lee ae A-1-2 
WSCS-OF Fe care sta Vie i ata 1-5.2 to 1-5.4, A-1-2, A-1-5.1, A-1-5.4 
Water temperature and ....... 06... c eee ee eee A-3-1 
Foam concentrates ............0. 000 cee eee eee 2-3, A-2-3.1 
Approval: fOmuse’..).0n 25.04 ing ateddgae bv S ekg ins Bes 1-6.1 
Contamination by.................. 1-5.5, 3-2.2, A-1-5.5, A-3-2.2 
Dehmitions) 25% so si Stas Soe PO Rot Mink aes wae hae Se dees 1-3 
Foam solution concentration determination............ A-5-4.2 
Incompatibility of... 0.00... 6 ee eee 2-3.1, A-2-3.1 
DIMES. 05-5508 fg aes ee aaa Hogs, Gag toe Pog saeads eos 4-3.5, A-4-3.5.1 
Dist 5s th, Bao o dey Ge be Ee ae TS 2-1, 2-2.1, 2-3.1, A-2-3.1 
Pipes, compatibility of ©... 6... eee 2-8.2 
Préprimied system fe .ig.accyieegacd deg eu ee eG wee oes 2-3.2 
Proportioning means ...............5 see Proportioning systems 
Replacement/reserve supply.......... 1-4.5, 2-3.1, 2-3.3, A-1-4.5, 
A-2-3.1, A-2-3.3 
For sOlve nt Frese. ices so csts eee sh osd ges gow eb de bo eb woot 1-5.4, A-1-5.4 
Storage Of ........ 0.0.00... eee eee 2-3.1, A-2-3.1; see also Tanks, 
foam concentrate storage 
SUA SPS TOR Hy ecais -Z gon gosh org oes Sha 7h Oe slgv's Uewe eleae’ ROSR ses 2-11, A-5-4.3 
MESUMB OR 3 eloiace Maa that tun tes aa tina tc acted tie ies better Meath tah leew dhe A-6-3 
TYPOS Of csssisi aes ese ances Smee Salter eg s H gee gy alte eget Ee A-1-2 
Valves 
Compatibility of ©... 0... ene 2-8.2 
LO¢attOn: 05, eset hu S85 Foy G88 ES OH, hoya Ga Phas 2-9 
Supervision of..................000. 2-12.1, A-2-12.1, A-4-3.1 
Water supply, compatibility with ...................0005. 3-1.1 
Foam solutions 
Contamination by.................. 1-5.5, 3-2.2, A-1-5.5, A-3-2.2 
DCF ON 2 sae lee he ak ide swe bs ee HO spl bk oa Sees Wud vl ted la ao datsh is 1-3 
LOOT OE bs 5 e844 oe SAH RN BAYES Kom LAES Ck pO ED 
Discharge of ... 2.2... 0.00000 e eee 1-4.3, 1-5.1, 1-5.2(a) to (c) 
Foam solution concentration determination............ A-5-4.2 
Pipes, compatibility of «2.2... 6... eee 2-8.2 
Valves 
Compatibility Ofc c.8 Bettas BER eee BE ee 2-8.2 
TOGA OMe 3.5. ci sala Gus tes SEs Benth dla Danilo Bale tyart da, Baltes See Bee eis 2-9 


Supervision of ................0000. 2-12.1, A-2-12.1, A-4-3.1 
Foam-water deluge systems......... 1-4.2, 4-3.8, A-4-3.8.1, A-4-3.8.5 
P) FUT OTE ob Seer B2s ent esed endo tnehe. aha adus eyeidodcdad: Mal end aubndee bones 1-3, A-1-3 
DisGharge: CeViGes xsctec ss cuceasesioctsie ted e's Meedcontte eo ies we ase re adedyontace 2-2.2 
Battin 98 2.0) 5 Siraved gccteaideg: adtare Sane slace Bene sore 4 aed elace Rees laee Roe 2-8.3 
Hydraulic calculations..................0.0005 4-4.1, A-4-4.1.4 
Tripping means ................. 1-4.1, 4-3.8.1, 4-3.8.6, A-4-3.8.1 
Foam-water dry pipe systems .....................-.. 1-4.2, 4-3.7 
DCR IGIOTS § grsesed Eee BO BG, aang oe saitoecs ob eo sl, sephnd Rae od 1-3, A-1-3 
Discharge devices... 2.0... 66. 2-2.3 
Hydraulic calculations............... 4-4.2, A-4-4.2.2 to A-4-4.2.3 
Foam-water preaction systems. 1-4.2, 4-3.7 to 4-3.8, A-4-3.8.1, A-4-3.8.5 
PSH MITION Es 6 8 Siedsig leche wlavelend todge rare dubedidlecedbue Mand duereydianesd 1-3, A-1-3 
DisGh are: Cevices ses ofs soni wtednon's Set, sed eth Se Mies tt Ase iiednee fe enises er sons 2-2.3 
Hydraulic calculations............... 4-4.2, A-4-4.2.2 to A-4-4.2.3 
Tripping means ................. 1-4.1, 4-3.8.1, 4-3.8.6, A-4-3.8.1 
Foam-water solution, prepriming with ............... 1-4.6, A-1-4.6 
Foam-water spray nozzles ..................5 see Discharge devices 
Foam-water spray systems (definition).................. 1-3, A-1-3 
Foam-water sprinkler nozzles ...............: see Discharge devices 
Foam-water sprinkler systems (definition)............... 1-3, A-1-3 
Foam-water wet pipe systems ........................ 1-4.2, 4-3.7 
DisGharge: devices isi icine ciscteteaiel a ob bkatae asat sho nie piaitseoais aed tuecane a 2-2.3 
Hydraulic calculations............... 4-4.2, A-4-4.2.2 to A-4-4.2.3 
Prepriming Of fence Mise et eds ea Sete tara 1-4.6, 2-3.2, A-1-4.6 
Friction losses................ 4-4.1.2, 4-4.1.4, 4-4.2.4, 4-4.2.6, 4-4.3 
-C- 

Gases, liquefied or compressed .................0-.0 000055 1-5.3 
General system information ................ 1-4, A-1-4.5 to A-1-4.6 
-H- 

Hangers: ¢.4),c:h2.5108, byt ont heat Seek eh ch dikes Dee ied 2-8 
Hazardous materials ..................... 1-5.2(b), 1-5.3, A-1-5.1 
High-expansion foam ................. 0.000000 A-1-1.2, A-1-3 

DGFT OID eyo 6 Gi eden sake Diente ROE ep SEE GoD noe DG en Sag A tage cond Os 1-3 
Hydraulic calculations.......................-. 4-4, 5-5(b), A-4-4 
Hydrostatic pressure tests.................. 5-2, A-5-2.1 to A-5-2.2 

J- 
Injection systems, foam concentrate .. 2-4.1 to 2-4.3, 4-3.8.2, A-2-4.2, 
Soa Aisas de vaet ch ongale Soese seach Oe wate tenc tu slacdetsuadieebsetstay tase tens ane A-2-4.3(c) 
In-line eductors ..............0. 0000 ee eens 2-4.3(c), A-2-4.3(c) 
THSPOChONS e050 foo se Sided we Oh eh BAA ok ot Chap. 6, A-6-1, A-6-3 
less rete aie dh oe Ste ty ee ch BO wa rea Ye ee tents Soe ton a Stante ee at see also Tests 
Installation .. 2.0... eee Chap. 4, A-4 
TinStr Cte Ging iss 2362 fost nde. Slee ed es cih Lol 4 Sah oie! SR Ses eae GN Dey eu ig SR Sov gih ce ae Oe DAO. 
-L- 
Leakage, piping .............. 0.0.2 c eee ee eee ee B22, AB-2.2 
BiGuehied: as: f0.06 605 co. 5 20k8 ee kse erate cep Ae ork seal ood og ghee toe ena 1-5.3 
Listed (definition) ..... 1-3, A-1-3; see also Foam concentrates, Listed 
Location of equipment ..............0.. 6.06 c cee eee 2-9 
Low-expansion foam (definition)...................... 1-3, A-1-3 
-M- 
Mains, underground, flushing.........................5-1,A-5-1 
Maintenance............... 0000 e ee eee Chap. 6, A-6-1, A-6-3 
Manual operation... .............0 5006 c cece 1-4.1, 1-4.4 

For hazardous material accumulations ................ 1-5.2(b) 

System Gesi gm. 5.6.6 :0.5 6 ae lads ose 92 dads eles thie 4-3.8.1 to 4-3.8.2, 4-3.8.6 
Measurement, units of. .......0..00.000 000 ce ccc eee 1-7 
Medium-expansion foam..................-.0.0055 A-1-1.2, A-1-3 

Definitions ss fey ig Be po ig Le heh ge hy POU aes BR Semen ee 1-3 

-N- 
Non-air-aspirating devices.................0.00005- 2-2.2 to 2-2.3 

D@TMUION 268 o dee “ssestigecsp ence Wlarela TRG ters goaaes Were laNee hye dace ated alse 1-3 
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NOzzlés 3.2 i444 dre 26 -ise eh 4 hha Bore see Discharge devices 
-O- 
Orifice plates ...................004. 2-4.2, 2-4.4, A-2-4.2, A-2-4.4 
-p- 
Periodic tests. so. 05 vite dasha at Maa ee ne aes Chap. 6, A-6 
Piping soos fore es. PRs eH CRTs oe NS 2-8, 5-5(b) 
Foam concentrate lines .... 6.0.6.6... eee eee eee ee 43.5.2 
Hydraulic calculations ............ 0.6. e eee eee 4-4, A-4-4 
Hydrostatic testing ......................5-2, A-5-2.1 to A-5-2.2 
Teak ages ccictngh Gin chee ae Oh geet gees OIG 6 LORDID Nabe DD 
Supply, flushing of ............... 000000 e eee eee BL, ADB-1 
RAINS eds ice, ot ee ee Doreen Le aCe DES Roe MUO Noga Mie on NUR 4-2 
Positive-pressure injection ........................ 2-4.1, 2-4.3(a) 
Powersupply 000.3205 35 fae's, aoe gies Slacs died ‘galace wes Slack Shs gees Seek 2-6 
Preaction systems ...............5 see Foam-water preaction system 
Preprimed system....... 2.2... 00.00.00 scene 1-4.6, 2-3.2, A-1-4.6 
PSH TON Ss oy if eese i cocsiee ho erg a Ge en ewites BUS Recanasee lds Gowe wb pene 1-3, A-1-3 
Pressure-proportioning tanks. ...... . 2-4.2(b), 2-7.4, A-2-4.2, A-2-7.4 
Proportioning (definition) ............... 0.0.00. 0c eee eee ee 1-3 
Proportioning systems .....................0000- 2-3.1, 2-4, A-2-4 
Dilution of foam solution. ........................+..3-2.4(c) 
Fire department connections .............3-2.4 to 3-2.5, A-3-2.4 
Tir balance OF os bog eG 4A EAA CAA HbA te A re DY 
TOCA OM 260 22 eisai tans 6s Pa ee Wes aed NS ak HAS Saat OBI gieen aya 2-9 
Test, cOnneCtiONns:...  i...805 sles Sos e ee book Sars Sok Pile wed 2-13, A-2-13 
MCS UNG os ohh ioek. Satake ig ooh d atid Sie dead: had gues Did oh ot os Og eA 
Peoteite LOA 6 ok oid ed AER WSs a VERMEER RDA EAR ERS A-1-2, A-5-3.1 
Detintti nn spree i eiapetie ge eistd Sets ee ied ccesimat ted Sita vad oie Satie outer 1-3 
Pumps, foam concentrate ......... 2-4.2 to 2-4.3, 2-5, A-2-4.2, A-2-5 
Gontrollers ica. 22 rd go doe eG ge ON PSS ON Pha Fees ORFS 2-6 
DITIVeTr sig Soe he Se teu Gs crn tas bon eee snne Save biel Sere any nes 2-6 
VOGAL ONS soo ile 8 5s of only hae Sas nd uae bt Seatac Maras dole as Ts ak ealnfee Soad dares Muah 2-9 
Pumps; Water 55-5 6 ss igie df gtisades den ngee d ediledes, Ganga gave Bee Sal's 2-9 
Purpose of standard... ......... 0.6... 0c cece eens 1-2, A-1-2 
-R- 
Rate, discharge ...... 2.20... 0.0.0. e eee eee eee see Discharge 
Referenced publications ........... 4-3.1, Chap. 7, A-4-3.1, App. B 
Retroactivity of standard ................ 00. .0000005 1-2.2, 1-6.2 
S- 
Scope of standard............. 0.0... cee ee ee ees 1-1, A-1-1.2 
Shall (definition). ............ 0... cee 1-3 
Should (definition) ............ 00... 1-3 
Solutions, foam... ..........0 0.000000 cee eee d see Foam solutions 
Solvents, water-soluble and polar ................... 1-5.4, A-1-5.4 
Specifications, system. .... 0.0.6.0... cc eee 4-2 
Storage, foam concentrate............ 2-3.1, A-2-3.1; see also Tanks, 


foam concentrate storage 
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Strainers oh.) 05 sued oo eas as Sad ee ho eens’ 2-11, 3-1.2, A-5-4.3 

Supervision 
Of detection and actuation circuitry ................000. 2-12.2 
OP VALVES a:che doace. Paitiand Bateusterdaenl se eileen tole 2-12.1, A-2-12.1, A-4-3.1 

Synthetic foam concentrates .. . . see also Aqueous film-forming foam 

(AFFF) 

PGF THOM es eaes hate tetas sett nusaetalt sytubnageseauinonetets -¢ qtusnwottscduiner 1-3 
System components... ............ 00.0 c cece eens Chap. 2, A-2 
System design } 2-450 sine pases ede ee vba towed pseu eee Cee Chap. 4 

Design: critetia e390 iauic§ tl Gel Pad eased Sa 4-3, A-4-3, A-4-3.1 

Working plans and specifications... ......... 0.0000. e eee ee 4-2 
System-control equipment, location...................... A-2-8.2 

-T- 

Tanks, foam concentrate storage ........... 0.6.06 000 eee eee 2-7 
Atmospheric-type... 0.0.0... eee eee eee eee eee 2-7.3, A-2-7.3.3 
Bladder tanks... ................000. 2-4.2(c), A-2-4.2, A-2-11.1 
N 9 or 00 ee Sa DY SP 2-9 
Pressure-proportioning tanks... . see Pressure-proportioning tanks 

Test connections ...........0 0.0000 eee eee eee 2-13, A-2-13 

Tests 
ACCEPTANCE is b ates oaths gb os We: Sa cubl bathe Beguhe dD aubedagub: Sane Chap. 5, A-5-3.1 
RTATINIS: 25 oh pt ctecrer hase see toca tetas ea fog ah ea omg sat ace long te ce RRC 6-2 
Conductivity method........................... 54.2, A-5-4.2 
Detect OMe vicesy susie eae eee cy ones et taacs a mona tgueeta eters ene ce 6-2 
Foam discharge ......... 0.60. cece eee eee eee es BB, A-B-3.1 
Foam solution concentration determination ............ A-5-4.2 
Foam-water sprinkler systems .............. 6-1, 6-3, A-6-1, A-6-3 
BreqQuency Of 3. beech acded sees sept fata Big doy elec segtaelateti oe: bes 6-3, A-6-3 
Hydrostatic pressure ................000. 5-2, A-5-2.1 to A-5-2.2 
ROTIOMIO ine. 065, 828 poise CH eA ae TAN et EEN a Chap. 6, A-6 
Proportioning equipment.......................... 54, A5-4 

-V- 

WANs .it.gh ula We, Se Ela edit ead Wk he le see Oe ea 8 2-8 
TiC Ath OT 6 psi Speeds as pdaaed e ce rie ad PL eat OS ea OE tee 2-9, A-2-8.2 
SUPCPVISION -in0065 ci loaicd as oases deed ued aes 2-12.1, A-2-12.1, A-4-3.1 
Water deluge:is sais nc tas ag adae Gide dt agltea raha deans 43.8.1 

-W- 

Water, reactions with ........0 00.00.0000 0c eee eee 1-5.3, A-1-5.1 

Water supplies!) ois ehortild als tes: bee VES ee se NS. Ses Chap. 3 
Capacity, pressure, and duration .......... 3-2, A-3-2.2 to A-3-2.4 
Contamination by foam ............ 1-5.5, 3-2.2, A-1-5.5, A-3-2.2 
Discharge of. .............-. 1-4.3 to 1-4.4, 1-5.1, 1-5.2(a) to (c) 
Foam concentrates, compatibility with ...................3-1.1 
Quality of water... 0... ce ce eee es HI, AB-1 
SUQTASLONS 65a so. BU ma en Bc Son Rare wt Si Gee oul ge AR ata Stok Cauee gual dade D=OIO 
DUALS HS es, 3.4. a Ms te cae tede ana ck hea sla rltadiest heh abeeatiaatectaaieon ee 
MET PCPA LITE eA cies tensa: Sale ston tales tonite techn tore ites uthiateahiod ® A-3-1 
Valves 

Compatibility: io. ooh. 5. chee cee ag a tee ea tet aig tase tebe tani 2-8.2 
LOCA 564.556 GF Bah SRE ee o- 0 ae Kes uh waere ePaes 2-9 
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